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The Ballistic Research Laboratories Technical Note is designed for use with-~ 
in the laboratories or for issuing available information, when the occasion 
-demands speed. 


The contents of this paper are of the nature of advance information and may 
be extended or otherwise revised. 
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DIMENSIONLESS TREATMENT OF VACUUM TRAJECTORY 


ABSTRACT 


By the use of dimensionless variables the initial velocity is 
eliminated and the initial elevation is the only parameter distinguishing 
one trajectory from another. All vacuum trajectories have the same 
maximum ordinate and time of flight. 
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The vacuum trajectory as a basis of investigation can only give 
limiting values and indicate the parabolic shape of the trajectory 
and the approximate time relations. The only force acting is that of 
gravity which is assumed to produce an acceleration of constant magni- 
tude go For heavy projectiles the vacuum trajectory is sufficiently 
accurate for many purposes. 


It has been found in the course of computing trajectories that 
for a reasonable approximation it is more convenient to use dimension- 
less variables and reduce the amount of work usually involved. All 
trajectories with the same initial elevation are identical if the 
aforementioned variables are useda 


Definitions: 


Let t be the time after firing, x the horizontal distance and 
y the vertical distance, positive upwards from the muzzle; 9 the 
angle of the trajectory with the horizontal and 85 the initial angle 


of elevation; v the magnitude of velocity and v, the initial or muzzle 
velocity; g the acceleration due to gravity; and let x = & += oy 
Thens %= 0 
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x= Xt 
and J = -g 
Y=¥,~ st =v, sin 0, = gt 
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where the subscript zero denotes the value when t = o 
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Definitions: In dimensionless variables 
v sin 6 a 

Let c = pa Decene = 2Y_ MAX wo ue 9 

g Eg g& 

2 2 

T = t/c, X = x/gce", Y = y/ge 

Thens ax 
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X=T cot 6, 


2 
let ve" (RY (3) = cot” 0, + (1-1)° 
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and = =S = ‘[eot*e, + (1-1)? =f Vat 
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For any vacuum trajectory the maximum ordinate is . and occurs at 
T = 1, impact occurs at T = 23; and the range is 2 cot e5° Then by simple 


substitution one can get results in the usual independent variables. 


The rate of change of the trajectory angle 9 is given by & = soe 


v 
For v° = (go*)? gp + @?| de = eno? v" 


de _. dé 2_ -g cos 0 . 2 _ =cos 9 
Bae 8 ae + ee 
gc 


8 go? x « # cot Q, 
Cos 92s F 
gev Vv 
. de =cot 6 


de cot ae 
The points of inflection of as vs S are at T=1¢ pa 


In figure 1 are shown three graphs of V versus S/Sw and three graphs 


7 versus S/Sw. The are length S has been normalized by dividing by the 
total length of the trajectory, Sie 
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GLOSSARY OF SYMBOIS USED 


The subscript zero on a symbol means that it is to be evaluated 
at the point where the initial conditions are applied. 


The dot over a symbol means differentiation with respect to time. 


A. 


B. 


2 acceleration due to gravity 


oa 
it 


are length along trajectory from mazzle 


time after firing 


o 
8 % 


angle of trajectory above horizontal 
v = magnitude of velocity 
x = horizontal distance or range 


y = vertical distance or altitude 


c 


(v, sin 6 o)/ g 

S = s/ee* = dimensionless are length 
s § at impact 

Te=t/e 

a= angle of departure 

Veav/ go" = dimensionless velocity 


X = x/gc* = dimensionless horizontal co-ordinate 


Ye —, = dimensionless altitude 
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